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DESCRIPTION 

Modified Polyallylamine and Process for Producing the same 

5 Technical Field \ 
The present invention relates to a modified 
polyallylamine and a process for producing the same. More 
specifically^ the present invention relates to a modified 
polyallylamine that is easily soluble both in water and in 
10 an organic solvent and that attains excellent stability of 
an aqueous solution or organic solvent solution thereof and 
that is suitable for use in fine chemical fields such as an 
Inkjet recording field;, and a process for efficiently 
producing this modified polyallylamine, 

15 

Technical Background 

A polyallylamine (allylamine polymer) is a linear 
olefin polymer having an amino group on a side chain and is 
a cationic polymer compound that is well dissolved in water 

20 and is positively chargeable in water. This polyallylamine 
has characteristic reactive polymer structure and 
properties and is hence used in many fields including the 
fields of a dye binder for a reactive dye, a dye binder for 
a direct dye, an additive in an Inkjet recording field, and 

25 the like. 

As a use of a polyallylamine, for example, there is 
disclosed an Inkjet recording method in which both an ink 
composition and a liquid composition containing a 
polyallylamine and an organic solvent are caused to 



separately adhere (for example^ see JP-A-9-207424 and JP-A- 
9-286940). In this method, it is proposed to use a liquid 
coirposition containing a polyallylamine for inproving a 
record in storage stability, color developability and 
5 glossiness. However, further in^rovement is required for 
attaining the realization of excellent cleaning operation 
in which no residual liquid mixture (waste liquid) of an 
ink composition and the above liquid conposition occurs in 
a cleaning cap. 

10 For this purpose, there has come to be required a 

P9lyallylamine-based high-molecular-weight polymer having 
useful properties of the polyallylamine as a cationic 
polymer, for example, the properties of retaining an 
improvement in color developability, having solubility in 

15 cin organic solvent as well and attaining excellent 

stability of a solution thereof in an organic solvent. 

As polyallylamine is studied in the use in the 
field of fine chemicals as described above, there has come 
to be practically required a new polyallylamine-based high- 

20 molecular-weight polymer having the properties of being 
soluble in various organic solvents and being stably 
present therein. 

Disclosure of the Invention 
25 Under the circumstances, it is an object of the 

present invention to provide a poly ally lamine-based high- 
molecular-weight polymer that has the properties of being 
soluble in an organic solvent and being stably soluble in a 
solution containing an organic solvent while it maintains 
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the useful properties of a polyallylamine as a cationic 
polymer^ and, for example, that maintains high performances 
of records with regard to color developability and the like 
and can be used in a liquid composition enabling excellent 
5 cleaning operation in which no residual liquid mixture 

(waste liquid) of an ink composition and the above liquid 
composition occurs in a cleaning cap in an Inkjet recording 
method. 

The present inventors have made diligent studies 
10 for developing a polyallylamine-based high-molecular-weight 
polymer having the above desirable properties, and as a 
result, have found that a modified polyallylamine having a 
specific structure is suitable for the above object, and 
that the above modified polyallylamine can be efficiently 
15 produced by a specific process. The present invention has 
been completed on the basis of the above finding. 

That is, the present invention provides 
(1) a modified polyallylamine coitprising, as an 
essential coitponent, a unit of the general formula (M-1), 

^ CH2CH J 




■ • • (M- 1 ) 



N 

20 R^ 

wherein each of and is independently an alkyl 
group having 1 to 4 carbon atoms, 

conprising at least one unit selected from units of 
the f ormila (M-2 ) , 
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— fCHaCH^ 



CH2 



I ^ ■ • • ( M - 2 ) 

NHCONH2 



the general formula (M-3), 



— (OHgCH^ — 



^•^2 ...(M-3) 
NHCOOR® 

wherein is an alkyl group having 1 to 12 carbon 
5 atoms or an aryl group having 6 to 12 carbon atoms, 
the general formula (M-4 ) , 

— (<:h2Ch)— 

...(M-4) 

NHCOR"* 

wherein R* is an alkyl group having 1 to 12 carbon 

atoms, 

10 the general f oirmula (M-5 ) , 

— (OHgCH^ — 



I 2 ■ • ( M - 5 ) 

N— CH2CH(R^— A 
H 

wherein is a hydrogen atom or methyl and A is 
-CONR^^, -CN or -COOR®, in which each of R^ and R^ is 
independently a hydrogen atom or an alkyl group having 1 to 
15 8 carbon atoms and optionally containing a hydroxyl group, 
a keto group, a mono(Ci-C4 alkyl) amino group, a di(Ci-C4 
alkyl) amino group or a tri(Ci-C4 alkyl) ammonium group and 
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and may bond to each other and form a piperidino or 
morpholino group together with a nitrogen atom, and R° is an 
alkyl group having 1 to 8 carbon atoms and optionally 
containing a hydroxyl group, a keto group, a mono(Ci-C4 
5 alkyl) amino group, a di(Ci-C4 alkyl) amino group or a 

tri(Ci-C4 alkyl) amamoniiim group, the general formula (M-6), 




• (M-6) 




the general formula (M-7 ) , 




Y"2 • • ■ ( M - 7 ) 

N— CH2CH(OH)— B 
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wherein B is an alkyl group having 1 to 8 carbon 
atoms and optipnally containing a hydroxyl group, an 
alkoxyl or alkenyloxy group having 1 to 4 carbon atoms. 



and the general formula (M-8), 



— (-CH2CH-) — 



CH2 



■ • • (M-8) 



N— CH2CH(OH) — B 



15 



CH2CH(OH)— B 



wherein B is as defined as said B, 



and optionally containing a unit of the forroula (M-9), 
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— fCHaCH^ 

CH2 • ■ ( M - 9 ) 

I 

NH2 

(2) a modified polyallyl amine (to be referred to as 
^'modified polyallylamine I" hereinafter) having a structure 
of the general formula ( I ) / 

— (OH2CH)^-fCH2CH)q-(cH2CH)p- 

CH2 CH2 CH2 ■ • ( I ) 

I I I 

N NH NH2 

5 r2 i 

wherein each of and is independently an alkyl 
group having 1 to 4 carbon atoms, X is -CONH2/ -COOR^, in 
which R^ is an alkyl group having 1 to 12 carbon atoms or an 
aryl group having 6 to 12 carbon atoms, or -COR"*, in which 
10 R* is an alkyl group having 1 to 12 carbon atoms, each of p 
and q is independently an integer of 1 or more, and r is 0 
or an integer of 1 or more, 

(3) a modified polyallylamine (to be referred to as 
^^modified polyallylamine II" hereinafter) having a 

15 structure of the general formula (II), 



— fCH2CH)^-(CH2CH)^CH2CH)^r-(^H2CH) 



CH2 CH2 <jJH2 CH2 •■•(II) 



k NH NH2 

Ri R2 I Y Y 

wherein each of R^ and R^ is independently an alkyl 
group having 1 to 4 carbon atoms, Y is -CH2CH(R^ )-A, in 
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which is a hydrogen atom or methyl and A is -CONR^^, -CN 
or -COOR®, in which each of R^ and R^ is independently a 
hydrogen atom or an alkyl group having 1 to 8 carbon atoms 
and optionally containing a hydroxy 1 group ^ a keto group, a 
5 mono(Ci-C4 alkyl) amino group, a di(Ci-C4 alkyl) amino group 
or a tri(Ci-C4 alkyl) ammonium group, R^ and R^ may bond to 
each other to form a piperidino or morpholino group 
together with a nitrogen atom, and R® is an alkyl group 
having 1 to 8 carbon atoms and optionally containing a 

10 hydroxy 1 group, a keto group, a mDno(Ci-C4 alkyl) amino 
group, a di(Ci-C4 alkyl) amino group or a tri(Ci-C4 alkyl 
group) ammonium group, or -CH2CH(OH)-B, in which B is an 
alkyl group having 1 to 8 carbon atoms and optionally 
containing a hydroxyl group or an alkoxyl or alkenyloxy 

15 group having 1 to 4 carbon atoms, p is an integer of 1 or 
more, and each of t, u and v is independently 0 or an 
integer of 1 or more, provided that at least one of t and u 
is an integer of 1 or more, 

(4) a process for producing a modified 

20 polyallylamine of the general formula (I-l), which 

comprises reacting a cyauiic acid with a copolymer of N,N- 
dialkylallylamine and an allylamine, represented by the 
general formula (III), 



— (cH2CH-)p-fCH2CH }^ 



I i ' 

CHp CHp 

I I ••■(III) 

"V 



NH2 



25 wherein each of and is independently an alkyl 
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group having 1 to 4 carbon atoms and each of p and w is 
independently an integer of 1 or inore^ 
to produce the modified polyallylamine of the general 
formula (I-l), 

— fCH2CH)p-(<;H2CH)^ 

CHg CH2 CH2 • - • ( I -1 ) 

N NH NH2 

/1 \ 2 1 
5 R' toNHg 

wherein R^, R^, Pf q and r are as defined above, 

(5) a process for producing a inodified 
polyallylamine of the general formula (1-2), 

CH2 CH2 CH2 •••(1-2) 

^N^ NH NH2 

R' R^ (LooR^ 

10 wherein R^, R^, R^, p, q and r are as defined above, 

which coitprises reacting an alkoxycarbonylation agent 
having 1 to 12 carbon atoms or an aryloxycarbonylation 
agent having 6 to 12 carbon atoms, with a copolymer of N,N- 
dialkylallylamine and an allylamine, represented by the 

15 general formula (III), 

(6) a process for producing a modified 
polyallylamine as recited in the above ( 5 ) , wherein the 
alkoxycarbonylation agent or the aryloxycarbonylation agent 
is a carbonate diester represented by R^O-CO-OR^ in which R^ 

20 is as defined above, 

(7) a process for producing a modified 
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polyallylamine of the general formula ( 1-3 ) , 

— fCH2CH)^--fCH2CH)^CH2CH),^ 

CH2 CH2 CH2 ■ • ( I - 3 ) 

I I I 

^N^ NH NH2 

wherein R^^ R^^ B.^ , p, q and r are as defined above, 
which coit5>rises reacting an acylation agent having 1 to 12 
5 carbon atoms with a copolymer of N/N-dialkylallylamine and 
an allylamine, represented by the general formula (III), 

(8) a process for producing a modified 
polyallylamine as recited in the above ( 7 ) , wherein the 
acylation agent is an carboxylic anhydride of the general 

10 formula (IV), 

(R^CO) 2O - (IV) 

wherein R* is as defined above, 

(9) a process for producing a modified 
polyallylamine of the general formula (II-l), 

CH2 CH2 CH2 CH2 • ■ • ( II - 1 ) 

I I I I 

N NH N NH2 



wherein is a -CH2CH(R^)-A and R^, R^, R^, A, p, t, 
u and V are as defined above, 

which conprises readying an acryl conpoxind of t:he general 
formula (V), 

20 CH2 = C (R^) -A — (V) 

wherein R^ and A are as defined above. 
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with a copolymer of N,N-dialkylallylamine and an allylamine, 

represented by the general formula (III), 

and 

(10) a process for producing a modified 
polyallylamine of the general formula (II-2), 

-fCH2CH)p-(CH2CH)^CH2CH)n-(CH2C^ 

CH2 CH2 CH2 CH2 • ■ ( II - 2 ) 

I I . I 

N NH N NH2 

r2 j2 42 y2 

wherein is a CH2CH(OH)-B and R^, R^, B, p, t, u 
and V are as defined above , 

which comprises reacting an epoxy coiipound of the general 
formula (VI), 




• •(Vl) 



wherein B is as defined above 
with a copolymer of N^N-dialkylallylamine and an allylamine, 
represented by the general formula (III). 

The modified polyallylamine of the present 
invention maintains the useful properties of a 
polyallylamine as a cationic polymer and at the same time 
is easily soluble in water and an organic solvent. Further, 
it is stably dissolved in a solution containing an organic 
solvent. In an Inkjet recording method in which a liquid 
conposition and an ink composition is mixed and a recording 
is made on a recording sheet, therefore, when the modified 
polyallylamine of the present invention is incorporated 
into the liquid coir5>osition, no residual waste liquid 
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occurs / so that easy cleaning can be performed. That is, 
when the modified polyallylamine of the present invention 
is used in the above ink jet recording method, the basic 
performances required for the ink jet recording, such as 
5 color developability, etc., can be inparted to records to a 
high degree, a residual liquid mixture (waste liquid) of a 
liquid composition and an ink coirposition does not occur 
easily, and as a result, excellent cleaning operation which 
was not conventionally permitted can be realized. The 
10 present invention can provide a polymer remarkably useful 
in the fine chemical fields such as the Inkjet recording 
field, and the like. 

Brief Description of Drawings 
15 Fig. 1 is an infrared absorption (IR) spectinm 

chart of a modified polyallylamine obtained in Exaicple 1. 

Preferred Embodiments of the Invention 

First,, the modified polyallylamine of the present 

20 invention will be explained. 

As described above, the modified polyallylamine of 
the present invention is a copolymer or, generally, random 
copolymer containing, as an essential unit, a monomer unit 
of the general foimiula (M-1), containing at least one 

25 monomer unit selected from the monomer units of the formula 
(M-2), the general formula (M-3), the general formula (M- 
4), the general formula (M-5), the general formula (M-6), 
the general formula (M-7) and the general formula (M-8), 
and optionally containing a monomer unit of the formula (M- 

11 



9 ) . The modified polyallylamine of the present invention 
includes a modified polyallylamine I and a modified 
polyallylamine II as preferred embodiments. 

The modified polyallylamine I of the present 
5 invention is a high-molecular-weight polymer or, generally^ 
random copolymer having a structure of the general formula 
(I)- 

— (<JH2Ch)p-(<:H2C^ 

CH2 CH2 CH2 • • ( I ) 

I I I 

N NH NH2 

In the above general formula ( I ) , and 

10 represent an alkyl group having 1 to 4 carbon atoms. The 
alkyl group may be linear or brainched, and specific 
exanples thereof include methyl , ethyl, propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl and tert-butyl. While R^ and 
R^ may be the same as, or may be different from, each other, 

15 R^ and R^ are particularly preferably methyl, X is -CONH2, - 
COOR^ or -COR^. R^ is an alkyl group having 1 to 12 carbon 
atoms or an aryl group having 6 to 12 carbon atoms, and R^ 
is an alkyl group having 1 to 12 carbon atoms. The alkyl 
group having 1 to 12 carbon atoms, represented by R^, may be 

20 linear or branched, and exairples thereof preferably include 
linear alkyl groups having 1 to 4 carbon atoms such as 
methyl, ethyl, propyl, butyl, and the like. Further, 
examples of the aryl group having 6 to 12 carbon atoms 
include phenyl, o-tolyl, m-tolyl and p-tolyl. The alkyl 

25 group having 1 to 12 carbon atoms, represented by R"*, may be 
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linear or branched, and exanples thereof include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, n-pentyl, n-hexyl, n- 
heptyl, n-nonyl, and the like. 

Each of p and q is independently an integer of 1 or 
more, and.r is 0 or an integer of 1 or more. Further, the 
ratio of p/(q + r) is preferably 5/95 to 95/5, more 
preferably 10/90 to 90/10, particularly preferably 20/80 to 
80/20. In view of the solubility of the above modified 
polyallylamine in an organic solvent and the stability of 
an organic solvent solution, further, the ratio of q/(q + 
r) (modification degree) is preferably 0.6 - 1, more 
preferably 0.9 - 1, and particularly preferably, it is 
substantially 1, that is, 0.95 - 1. 

On the other hand, the weight average molecular 
weight of the modified polyallylamine I is preferably 5,000 
or less, more preferably 200 to 3,000, particularly 
preferably 300 to 2,500. When the molecular weight is too 
large, the solubility in an organic solvent may be poor. 
When it is too, small, a record may be poor in performances 
when the modified polyallylamine is applied to an Inkjet 
recording method. The above weight average xnolecular weight 
refers to a value determined, as a polyethylene glycol, by 
measurement according to a gel permeation chromatography 
(GPC) method. 

The modified polyallylamine II of the present 
invention is a high-molecular-weight polymer or, generally, 
random copolymer having a structure of the general formula 
(II). 
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— fCH2CH)^-fCH2CH)^ 

CH2 CH2 CH2 CH2 •••(II) 

N NH NH2 

I Y Y 

In the above general formula ( II ) ^ b} and 
represent an alkyl group having 1 to 4 carbon atoms. This 
alkyl group is as explained with regard to and R^ in the 

5 above modified polyallylamine I. 

Y is -CH2CH(R^)-A or -CH2CH(OH)-B. First^ the - 
CH2CH(R^)-A represented by Y will be explained. R^ is a 
hydrogen atom or methyl. A is -CONR^^^ -CN or -COOR®. Each 
of R^ and R^ is independently a hydrogen atom or an alkyl 

10 group having 1 to 8 carbon atoms and optionally containing 
a hydroxyl group / a keto group, a mono(Ci-C4 alkyl) amino 
group, a di(Ci-C4 alkyl) amino group or a tri(Ci-C4 alkyl) 
ammonixim group. R® and R^ may bond to each other to form a 
piperidino or morpholino group together with a nitrogen 

15 atom. R® is an alkyl group having 1 to 8 carbon atoms, and 
the alkyl group may contain a hydroxyl group, a keto group, 
a mono(Ci-C4 alkyl) amino group, a di(Ci-C4 alkyl) amino 
group or a tri(Ci-C4 alkyl) ammonium group. 

When -A is -CONR^^, examples of the -CH2CH(R^)-A 

20 include -CH2CH2CONH2 , -CH2CH2CONHCH3 , -CH2CH2CON(CH3 ) 2 ^-CH2 
CH2CONHC2H5, -CH2CH2CON(C2H5 )2 / -CHaCHgCONH-nCaHy , -CHgCHg 
CONCnCgHy ) 2 / -CH2CH2CONH-iC3H7 , -CH2CH2CONHCH2 0-nC4H9 , -CH2 
CH2CONHCH2OH, -CHgCHaCONHCHgCHgNCCHs )2 -CHgCHgCONHCHgCHgNCC 
2^5)2 f -CH2CH2CONHCH2CH2CH2N(CH3 )2 f -CH2CH2CONHCH2CH2CH2N(C2 

25 H5)2/ -CH2CH2CONHCH2CH2N^(CH3)3, -CH2CH2CONHCH2CH2N"^ (CgHg ) 3 , 
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-CHzCHaCONHCHaCHaCHzN^ (CH3 ) 3 , -CHzCHaCONHCHaCHzCHzN-" (C2H5 )3 , 
-CHgCHjCO-morpholino group, -CHaCHgCO-piperidino group, -CHj 
CH(CH3 )CONH2 , -CH2CH(CH3 )CONHCH3 , -CH2CH(CH3 )CON(CH3 )2 / -CHg 
CH(CH3 )CONHC2H5 , -CH2CH(CH3 )C0N(C2Hs ) 2 / -CH2CH(CH3 )CONH-nC3H 
5 7. -CH2CH(.CH3)CON(nC3H7)2, -CH2CH(CH3 )CONH-iC3H7 , -CHgCHCCH 
3)C0NHCH2O-nC4H9 , -CH2CH(CH3)CONHCH2 0H. -CH2CH(CH3 )CONHCH2CH 
2N(CH3)2, -CH2CH(CH3)CONHCH2CH(CH3)N(C2H5 )2 , -CH2CH(CH 
3)CONHCH2CH2CH2N(CH3)2, -CH2CH(CH3 )CONHCH2CH2CH2N(C2H5 ) 2 , - 
CH2CH(CH3 )CONHCH2CH2N+ (^3)3, -CHjCHCCHa )CONHCH2CH2N+ (C2H5 ) 
10 3, -CH2CH(CH3)COIJHCH2CH2CH2N+(CH3)3, -CH2CH{CH3 )CONHCH2CH2CH 
2N+ (C2H5 ) 3 , -CH2CH(CH3 )CO-inDrpholino group, -CH2CH(CH3 )CO- 
piperidino group and the like. 

When -A is CN, exan^les of the -CH2CH(R^)-A include- 
CH2CH2CN and -CHgCHCCHa )CN. Further, when -A is COOR°, 
15 exanples of the -CH2CH(R^)-A include -CH2CH2COOCH3 , -CH2CH2 
CCXX:2H5, -CH2CH2COOC3H7, -CH2CH2COOC4H9, -CH2CH2COOCH2CH2 
N(CH3)2r -CH2CH2C0CX:H2CH2CH2N(CH3 )2 r -CH2CH2COOCH2CH2N(C2H5) 
2, -CH2CH2COOCH2CH2CH2N(C2H5 )2 , -CH2CH2COOCH2CH2CH2N+ (CH3 )3 , 
-CH2CH2COOCH2CB2N"'(C2H5)3, and -CH2CH2COOCH2CH2CH2N+ (C2H5 )3 . 

20 In a quaternary ammoniuia salt, exan^les of the counter ion 
include cl~, Br" and I". 

The -CH2CH(OH)-B represented by Y will be explained 
below. B is an alkyl group having 1 to 8 carbon atoms, and 
the alkyl group may contain a hydroxyl group or an alkoxyl 

25 or alkenyloxy group having 1 to 4 carbon atoms, Exait^les of 
B include methyl, ethyl, propyl, butyl, pentyl, hexyl, 
methoxymethyl, ethoxymethyl , propyloxymethyl , butoxymethyl , 
pentoxymethyl, hydroxymethyl and ( 2 -propenyloxy) methyl. 
Exair5>les of the -CH2CH(OH)-B include 2- 
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hydroxypropy 1 , 2 -hydroxybuty 1 , 2 -hydroxypen ty 1 , 2 - 
hydroxyhexy 1 , 2 -hydroxyhepty 1 , 2 -hydroxyoc ty 1 , 3 -me thoxy-2 - 
hydroxypropyl , 3-ethoxy-2-hdyroxypropyl , 3-propoxy-2- 
hydroxypropyl , 3- ( isopropoxy) -2 -hydroxypropyl , 3-butoxy-2- 
5 hydroxypropyl, 3-pentoxy-2 -hydroxypropyl, 2,3- 

dihydroxypropyl and 3-(2-propenyloxy)-2hydroxypropyl. 

In the above general formula ( II ) , p is an integer 
or 1 or more, and each of t, u and v is independently 0 or 
an integer of 1 or more, while at least one of t and u is 

10 an integer of 1 or more. Further, the ratio of p/(t+u+v) is 
preferably 5/95 to 95/5, more preferably 10/90 to 90/10, 
particularly preferably 20/80 to 80/20. In view of 
solubility and stability of the modified polyallylamine, 
further, the ratio of (t+u) / (t+u+v) (modification degree) 

15 is preferably from 0.6 to 1, more preferably from 0.9 to 1, 
particularly preferably, substantial 1, that is, from 0.95 
to 1. 

On the other hand, the weight average molecular 
weight of the modified polyallylamine II is preferably 

20 5,000 or less, more preferably 200 to 3,000, particularly 
preferably 300 to 2,500. When the molecular weight is too 
large, the solubility in an organic solvent may be poor. 
When it is too small, a record may be poor in performances 
when the modified polyallylamine is applied to an Inkjet 

25 recording method. The above weight average iwolecular weight 
refers to a value determined, as a polyethylene glycol, by 
measurement according to a gel permeation chromatography 
(GPC) method. 

The process for producing a modified 
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polyallylamine, provided by the present: invention, will be 
explained hereinafter. 

First, concerning the modified polyallylamine I of 
the general formula (I), the modified polyallylamines of 
the general formula (I-l), the general formula (1-2) and 
the general formula (1-3) can be produced as follows. 



[Production of modified polyallylamine of the 
general formula (l-l)] 

In this case, a cycinic acid as an N-carbamoylation 



reagent is reacted with a copolymer of N,N- 
dialkylallylamine and allylamine, generally a random 
copolymer thereof (to be sometimes referred to as ^^raw 
material copolymer" hereinafter ) , represented by the 
general formula ( III ) , 



wherein w is an integer of 1 or more, and R^, and 



p are as defined above, 

to produce a modified polyallylamine of the general formula 
(I-l) in which the primary amino group is carbamoylated. 



— fCH2CH-)p-{<:H2CH) 

CH2 CH2 




•••(III) 




— fCHaCH^p-fCHsCH^^CHaCH.)^ 




wherein R^, R^, p, q and r are as defined above. 
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The raw material copolymer of the above general 
formula (III) can be prepared, for example, according to 
the method described in WO 00/21901 • Exazrples of the 
monomer for forming the N,N-dialkylallylamine unit include 
5 N,N-dimethylallylamine, N,N-diethylallylamine, N,N- 

dipropylallylamine and N,N-dibutylallylamine. In view of 
solubility of a modified product, N,N-diin.ethylallylamine is 
preferred. 

The weight average molecular weight of the raw 

10 material copolymer (value as polyethylene glycol, measured 
by GPC method) is preferably 5,000 or less, more preferably 
200 to 3,000, particularly preferably 300 to 2,500. When 
the molecular weight is too high, a formed modified 
polyallylamine , which is the modified polyallylamine of the 

15 present invention, is sometimes not easily soluble. When it 
is too low, a record is sometimes poor in performances when 
the modified polyallylamine is applied to ink jet recording. 
The monomer unit ratio p/w of the raw material copolymer is 
preferably 5/95 to 95/5, more preferably 10/90 to 90/10, 

20 particularly preferably 20/80 to 80/20. 

When the cyanic acid is reacted with the raw 
material copolymer to produce the modified polyallylamine 
(I-l) of the present invention, preferably, the cyanic acid 
salt is added to the salt of raw material copolymer to 

25 carry out a reaction of them. A typical production 
embodiment will be described below. 

The raw material copolymer is dissolved in water or 
a polar solvent, and a solution of an inorganic acid such 
as hydrochloric acid or the like is added thereto to 
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prepare a copolymer salt solution. In this case^ the 
concentration of the raw material copolymer is preferably 5 
to 50 % by weight. The solution of the raw material 
copolymer salt is heated to 30 to 80^C, and an aqueous 
5 solution of a cyanate such as sodium cyanate, potassium 
cyanate or the like is dropwise added thereto^ and the 
mixture is allowed to react for approximately 1 to 100 
hours. In this reaction, a salt (sodium chloride when the 
raw material copolymer is a hydrochloride and when the 

10 cyanic acid salt is sodium cyanate) is produced as a 

byproduct. After coirpletion of the reaction, unreacted 
hydrochloric acid is neutralized with an alkali such as 
sodixam hydroxide as required, and then, the reaction 
mixture is subjected to desalting procedure such as 

15 electrodialysis , whereby the modified polyallylamine (a 
copolymer, or the like, which contains N,N- 

dialkylallylamine unit and N-carbamoylated allylamine unit) 
of the present invention can be obtained. Advantageously, 
the amount of the cyanate to be used based on the 

20 allylamine unit is preferably 0.6 to 1 mole equivalent, 
more preferably 0.9 to 1 mole equivalent, particularly 
preferably 1 mole equivalent. 

[Production of modified polyallylamine of 
the general fonmila (1-2)] 

25 In this case, an alkoxycarbonylation agent having 1 

to 12 carbon atoms or an aryloxyccurbonylation agent having 
6 to 12 carbon atoms is reacted with the raw material 
copolymer of the above general formula (III), to produce a 
modified polyallylamine of the general formula (1-2) in 



19 



which the primary amino group is alkoxy- or 
aryloxycarbony lated , 

-{<)H2Ch)p-(<:h2Ch)^ 

CH2 CH2 CH2 • -(1-2) 

I I I 

NH NH2 

wherein R^^ R^^ R^, p, q and r are as defined above. 
5 As the above alkoxycarbonylation agent or 

aryloxycarbonylation agent, a carbonic acid diester 
represented by R^O-CO-OR^ (in which R^ is an alkyl group 
having 1 to 12 carbon atoms or an aryl group having 6 to 12 
carbon atoms) is preferred in view of reactivity. Examples 

10 of the carbonic acid diester include dimethyl carbonate, 
diethyl carbonate, dipropyl carbonate, dibutyl carbonate, 
diphenyl carbonate, di(o-tolyl) carbonate, di(m-tolyl) 
carbonate and di(p-tolyl) carbonate. 

When the raw material copolymer and the above 

15 carbonic acid diester are reacted to produce the modified 
polyallylamine (1-2) of the present invention, first, the 
carbonic acid diester can be gradually dropwise added to a 
solution such as an aqueous solution, or the like, of the 
raw material copolymer. In this case, there can be also 

20 enployed a constitution in which a solution of the carbonic 
acid diester in a solvent is dropwise added to the raw 
material copolymer. In this constitution, generally, the 
solvent for dissolving the carbonic acid diester is 
preferably the same as the solvent for dissolving the raw 

25 material copolymer. The reaction between the raw material 
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copolymer and the carbonic acid diester is preferably 
carried out with stirring. The reaction teir5>erature is 
maintained preferably at 0 to lOO'^C, more preferably at 30 
to 60**C. When the reaction temperature is too high, a 
5 formed urethane may be sometimes decomposed. The reaction 
time period is generally 1 to 100 hours, preferably 3 to 48 
hours, and the modified polyallylamine of the present 
invention can be obtained in the form of a solution. After 
completion of the reaction, the solution is concentrated 

10 for removing an alcohol formed as a byproduct, whereby the 
modified polyallylamine (a copolymer or the like, 
containing N,N-dialkylallylamine unit and 
alkoxycarbonylated allylamine unit) of the present 
invention can be obtained in the form of a solution. When 

15 water is used as a solvent and when dimethyl carbonate, 
diethyl carbonate or dipropyl carbonate is used as a 
carbonic acid diester, preferably, the concentration is 
carried out under reduced pressure at a teirperature of 25 
to 70''C, prefei;ably 35 to SO^'C. When the temperature is too 

20 high, a side reaction can take place. 

In this process, the N-alkoxycarbonylation degree 
(or aryloxycarbonylation degree) is dependent upon the 
amount of the carbonic acid diester used as a raw material. 
When a carbonic acid diester is used in an amount equimolar 

25 to the amount of amino groups of the raw material 

copolymer, generally, almost all of the amino groups are 
converted to urethane. Therefore, the N-alkoxycarbonylation 
degree (or aryloxycarbonylation degree) of the modified 
polyallylamine of the present invention that is to be 
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produced can be adjusted by adjusting the amount of the 
carbonic acid diester used as a raw material. 

[Production of modified polyallylamine of 

the general formula ( 1-3 ) ] 

In this case, an acylation agent whose alkyl group 
has 1 to 12 carbon atoms is reacted with the raw material 
copolymer of the above general formula (III), to produce a 
modified polyallylamine of the general formula (1-3) in 
which the primary amino group is acylated, 

— fCH2CH)^-fCH2CH)^CH2CH)p- 

CHo CH2 CH2 ••(1-3) 

I I I 



NH NH2 

10 ioR^ 
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wherein R^, R^, R*, p, q and r are as defined above. 
As the above acylation agent, there can be used an 
carboxylic anhydride of the general formula (IV), 

(R^CO) 2O - (IV) 

15 wherein R^ is as defined above. 

Examples of the above carboxylic anhydride include 
acetic anhydride, propionic anhydride, n-butyric anhydride, 
isobutyric anhydride, valeric anhydride, hexanoic 
anhydride, octaonic anhydride, decanoic anhydride and 

20 lauric anhydride. When the raw material copolymer is 
acylated with regard to 50 mol% or less of its amino 
groups, the carboxylic anhydride can be used in an amount 
equivalent to the equivalent weight of the amino groups to 
be acylated. The solvent for preparing a solution of the 

25 raw material copolymer can be selected from water, an 
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organic solvent or a solvent mixture of water with an 
organic solvent. As an organic solvent, a polar solvent is 
preferred in view of solubility of the raw material. The 
organic solvent can be selected from alcohols such as 

5 methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl 
alcohol and n-butyl alcohol, and it can be also selected 
from acetonitrile, formamide, N,N-dimethylformamide, 
dimethyl sulfoxide, tetrahydrofuran or 1,4-dioxane. Of 
these, water is preferred in view of safety and easiness in 

10 operation. 

In the present invention, when the carboxylic 
anhydride is reacted with the raw material copolymer, the 
carboxylic anhydride can be gradually dropwise added to a 
solution of the copolymer. Although differing depending 

15 upon a reaction scale, the carboxylic anhydride is 

generally dropwise added over 2 to 8 hours. When the 
reaction scale is small, the addition can be carried out 
over a smaller period of time than the above, and it can be 
generally carried out over 1 to 8 hours. The reaction is 

20 preferably carried out with stirring. Since the above 
reaction is an exothermic reaction, it is preferred to 
carry out the reaction with cooling a reactor with ice, or 
the like, and the reaction solution is preferably 
maintained at a 40''C or lower, more preferably, at 0 to 

25 10**C. After completion of the acylation, generally, an 
aqueous solution of an alkali such as sodium hydroxide, 
potassium hydroxide, sodium carbonate, or the like is added 
to the reaction solution, to neutralize a carboxylic acid 
derived from an carboxylic anhydride formed on a side-chain 
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amino group of an intermediate formed after the acylation, 
whereby a solution of a free acylated modified 
polyallylamine of the present invention can be produced. 

However, the acylation is carried out with regard 
5 to more than 50 mol% of primary amino groups of the raw 
material copolymer, the acylation may be proceeded with 
while the carboxylic anhydride formed on a side-chain amino 
group of the intermediate is neutralized with an alkali 
such as sodium hydroxide, potass iina hydroxide, sodium 
10 carbonate, or the like as required. In this case, 

preferably, the reaction liquid is maintained at a pH of 10 
to 12. In the neutralization, preferably, the reaction 
liquid is maintained at 0 to lO'^C. After completion of the 
neutralization, the resultant solution is dialyzed to 
15 remove a neutralization salt, whereby a solution of a 
purified free acylated modified polyallylamine of the 
present invention can be obtained. 

For the dialysis for removing the neutralization 
salt, it is pi;ef erred to employ the electrodialysis 
20 described in JP-B-7-68289 in view of easiness in operation, 
in this case, generally, the acylated polyallylamine 
solution under purification is subjected to GPC 
chromatography, the content of a salt present in the 
solution can be easily monitored, so that the termination 
25 of the purification can be determined by en5>loying GPC 
chromatography . 

When the carboxylic anhydride is used in an amount 
less than the equivalent weight of the primairy amino group 
of the raw material copolymer, generally, almost all of the 
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carboxylic anhydride is consumed as an acylation agent. The 
acylation degree of the modified polyallylamine of the 
present invention can be adjusted on the basis of the 
amount of the carboxylic anhydride. 
5 Concerning the modified polyallylamine II of the 

general formula (II)/ modified polyallylamines of the 
general formula (II-l) auid the general formula (II-2) can 
be produced as follows. 

[Production of modified polyallylamine of 
10 the general formula (II-l)] 

In this case, an acryl compound of the general 
formula (V) 

CH2 = C (R^) -A - (V) 

wherein and A are as defined above, 
15 is reacted with the raw material monomer of the above 

general formula (III), to produce a modified polyallylamine 
of the general formula (II-l), in which the acryl compound 
is Michael-added to the primary amino group, 

-{<^H2Ch)p4<)H2CH)p4-CH2Ch)ij-^ 

CH2 CH2 CH2 CH2 • • ( II - 1 ) 

I I . I 



N NH K NH2 



20 wherein R^, R^, Y^, p, t, u and v are as defined 

above. 

The above modification is carried out by a Michael 
addition reaction in which the above acryl coicpound is 
added to the primary amino group of the raw material 
25 copolymer . 
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The c±)Ove acryl conpound is selected from a 
compound having an acrylamide skeleton, a conpound having 
an acrylonitrile skeleton or a conpound having an acrylic 
ester skeleton. Exainples of the conpound having an 
5 acrylamide skeleton include acrylamide, N-methyl 

acrylamide, N,N-dimethyl acorylamide, N-ethyl acrylamide, 
N,N-diethyl acrylamide, N-n-propyl acrylamide, N,N-di(n- 
propyl) acrylamide, N-isopropyl acrylamide, N-n-butyl 
acrylamide, N-isobutyl acrylamide, N-methylol acrylamide, 

10 N,N-dimethylaminoethyl acrylamide, N,N-diethylaminoethyl 
acrylamide, N,N-dimethylaminopropyl acrylamide, N,N- 
diethylaminopropy 1 acrylamide , N , N-dimethylaminoethyl 
acrylainide-methyl chloride quaternary salt, N,N- 
diethylaminoethyl acrylamide-methyl chloride quaternary 

15 salt, N,N-dimethylaininopropyl acrylamide-methyl chloride 
quaternary salt, N,N-diethylaminopropyl acrylamide-methyl 
chloride quaternary salt, acryloyl morpholine, acryloyl 
piperidine, methacrylamide , N-methyl methacryl amide, N,N- 
dimethyl methaprylamide, N-ethyl methacrylamide, N,N- 

20 diethyl methacrylamide, N-n-propyl methacrylamide, N,N- 

di(n-propyl) methacrylamide, N-isopropyl methacrylamide, N- 
n-butyl methacrylamide, N-isobutyl methacrylamide, N- 
methylol methacrylamide, N, N-dimethylaminoethyl 
methacrylamide, N,N-diethylaminoethyl methacrylamide, N,N- 

25 dimethylaminopropyl methacrylamide, N,N-diethylaminopropyl 
methacrylamide, N, N-dimethylaminoethyl methacryl amide- 
methyl chloride quaternary salt, N,N-diethylaminoethyl 
methacrylamide-methyl chloride quaternary salt, N,N- 
dimethylaminopropyl methacrylamide-methyl chloride 
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quaternary salt^ N^N-diethylaminopropyl methacryl amide- 
methyl chloride quaternary salt, methacryloyl morpholine 
and methacryloyl piperidine. Exanples of the compound 
having an acrylonitrile skeleton include acrylonitrile and 
methacrylonitrile . Exanples of the coitpound having an 
acrylic ester skeleton include methyl acrylate, ethyl 
acrylate, propyl acrylate, butyl acrylate, N,N- 
dimethylaminoethyl acrylate, N,N-diethylaminoethyl 
acrylate, N^N-dimethylaminopropyl acrylate, N,N- 
diethylaminopropyl acrylate, N^N-dimethylaminoethyl 
acrylate-methyl chloride quaternary salt, N,N- 
diethylaminoethyl acrylate-methyl chloride quaternary salt, 
N,N-dimethylaminopropyl acrylate-methyl chloride quaternary 
salt and N,N-diethylaminopropyl acrylate-methyl chloride 
quaternary salt. 

In the present invention, the amount of the acryl 
conpound based on the primary amino group of the raw 
material copolymer is preferably 60 to 200 mol%, more 
preferably 70 Ijo 120 mol%, particularly preferably 90 to 
105 mol%. The degree of substitution of the acryl compound 
on the amino group is dependent upon the acryl conpound 
added. Generally, when the amount of the acryl compound is 
100 mol% or less based on the primary amino group, one 
acryl conpound molecule is added to one primary amino 
group. When it exceeds 100 mol%, there are consecutively 
formed units in each of which two acryl coirpound molecules 
are added to one primary amino group. 

In the present invention, for example, the 
following procedures can be eitployed when the above acryl 
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conpoiind is reacted with the raw material copolymer. 

The raw material copolymer is dissolved in water ^ 
methanol or a mixture of these with a polar solvent. The 
concentration of the raw material copolymer is adjusted to 
5 approximately 5 to 60 % by weight. While the reaction 
mixture is maintained at 30 to 70''C, the above acryl 
coiipound is added directly when it is a liquid, or the 
above acryl coirpound is dropwise added in the form of a 
solution thereof in water or methanol when it is a solid. 
10 After coitpletion of the addition, the mixture is allowed to 
react for approximately 0.5 to 48 hours. 

[Production of modified polyallylamine of 

the general formula (II-2)] 

In this case, an epoxy compound of the general 
15 formula (VI) 

CHg— CH B ... (VI) 

wherein B is as defined above, 
is reacted with the raw material monomer of the above 
general formula (III), to produce a modified polyallylamine 
20 of the general formula (II-2), in which the epoxy compound 
is added to the primary amino group, 

— fCH2CH)^4<)H2CH)p-(cH2CH)^r-fCH2CH^ 

CHg CHa CH2 CH2 •••(11-2) 

N NH N NH2 

wherein R^, R^, Y^, p, t, u and v are as defined 

above. 
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Examples of the epoxy coit^xDiind of the above general 
formula {VI ) include 1^2-epoxypropane^ l,2-epoxy-n-but:ane,. 
1 , 2 -epoxy-n-pentane , 1,2 -epoxy-n-hexane , 1,2 -epoxy-n- 
heptane^ 1^2-epoxy-n-octane, methyl glycidyl ether ^ ethyl 
5 glycidyl ether, n-propyl glycidyl ether, isopropyl glycidyl 
ether, n-butyl glycidyl ether, n-pentyl glycidyl ether, 
glycidol and allyl glycidol ether. 

In the present invention, the amount of the above 
epoxy compound based on the primary amino group of the raw 

10 material copolymer is preferably 60 to 200 mol%, more 

preferably 70 to 150 mol%, particularly preferably 90 to 
120 mol%. The degree of substitution of the epoxy compoxind 
on the amino group is dependent upon the amount of the 
epoxy confound used. 

15 The modified polyallylamine (II-2) of the present 

invention can be easily produced by dissolving the raw 
material copolymer in a solvent, adding the above epoxy 
coitpound to the resultant solution and allowing the mixture 
to react at aM>roximately 20 to 70°C. Water is preferred 

20 as a solvent for use in the reaction. 

The reaction temperature for the reaction between 
the polyallylamine and the epoxy compound is generally 20 
to VO^'C, preferably 30 to eo^'C. Although the reaction time 
period differs depending upon reaction conditions, 

25 generally, it is sufficient to take 0.5 to 48 hours for the 
reaction . 

Examples 

The present invention will be explained more in 
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detail with reference to Exaii5)les hereinafter, while the 
present invention shall not be limited by these Examples. 
Polymers were measured for weight average molecular weights 
by a method described below* 
5 <Measurement of weight average molecular weight of 

polymer > 

Polymers were measured for weight average molecular 
weights with a Hitachi Ii-6000 model'' high-performance 
liquid chromatograph according to a gel peincneation 

10 chromatography (GPC method) • Hitachi L-6000" was used as 
an eluting solution flow line pump, a ^^Shodex RI SE-61" 
differential refractive index detector was used as a 
detector, and a column prepared by connecting two units 
each of aquagel filtration type ^^GS-220HQ" (exclusion limit 

15 molecular weight 3,000) and '''GS-620HQ" (exclusion limit 

molecular weight 2X10^) of Asahi Pack K.K. was used as a 
column. Sait^les were adjusted so as to have a concentration 

of 0.5 g/100 ml in an eluting solution, and 20 jxl of each 
was used. A 0^4 mol/L sodivmi chloride aqueous solution was 

20 used as an eluting solution. The measurements were made at 
a colvmvn tenperature of 30*^C at a flow rate of 1.0 
ml/minute. As standard sairples, polyethylene glycols having 
molecular weights of 106, 194, 440, 600, 1,470, 4,100, 
7,100, 10,300, 12,600, 23,000, etc., were used to prepare 

25 calibration curve, and the weight average molecular weights 
Mw of polymers were determined on the basis of the 
calibration curve. 

Preparation Example 1 Preparation of copolymer of N,N- 
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diinethylallylamine and allylamine (5/5) 

A four-necked separable flask having a 

stirrer, a Dimroth condenser and a thermoineter was charged 
with 431.24 g of an N,N-dimethylallyl amine hydrochloride 
5 aqueous solution having a concentration of 63.45 wt% cind 

362.25 g of a monoallylaitiine hydrochloride aqueous solution 
having a concentration of 58.11 wt%. This monomer aqueous 

solution was warmed to 60^C, 146.45 g of 2,2' -azobis(2- 
amidinopropane)dihydrochloride was added as a radical 

10 initiator, and the monomer were polymerized for 120 hours. 

After coirpletion of the polymerization, 332.78 g of 
a sodium hydroxide aqueous solution having a concentration 
of 50 wt% was dropwise added with cooling with ice to 
neutralize the hydrochloride. After completion of the 

15 neutralization, unreacted monomers were distilled off under 
reduced pressure (10.6 kPa) at SC'C. 

The thus-obtained solution was subjected to 
electrodialysis for desalting, to give 1,914.97 g of an 
aqueous solution having a concentration of 14.35 wt% of a 

20 free type copolymer (copolymerization ratio 5:5) of N,N- 
dimethylallylamine and allylamine. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 
reprecipitated from an acetone solvent to give a copolymer 

25 hydrochloride. The elemental analysis thereof shows a 

result of C = 44.80, H = 9.12 and N = 12.58. These values 
are equivalent to calculated values of C = 44.66, H= 9.37 
and N = 13.02. Table 1 shows preparation conditions, a 
yield, etc., of this Preparation Exaicple together with 
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results in Prepcurat:ion Exanples 2 and 3. 

Preparation Example 2 Preparation of copolymer of N^N- 
dimethylallylamine and allylamine (3/7) 
5 1^978.93 Grams of an aqueous solution having a 

concentration of 14.27 wt% of a free type copolymer 
(copolymerization ratio 3:7) of N^N-dimethylallylamine and 
allylamine was obtained in the same manner as in 
Preparation Exartple 1 except that the amount of the N^N- 
10 dimethylallylamine hydrochloride aqueous solution having a 
concentration of 63.45 wt% was changed to 258.75 g and that 
the amount of the monoallyl amine hydrochloride aqueous 
solution having a concentration of 58.11 wt% was changed to 
507.15 g. 

15 

Preparation Exanple 3 Preparation of copolymer of N/N- 
dimethylallylamine and allylamine (7/3) 

2,045.55 Grams of an aqueous solution having a 
concentration of 14.20 wt% of a free type copolymer 

20 (copolymerization ratio 7:3) of N,N-dimethyl allylamine and 
allylamine was obtained in the same manner as in 
Preparation Exairple 1 except that the amount of the N,N- 
dimethylallylamine hydrochloride aqueous solution having a 
concentration of 63.45 wt% was chcuiged to 603.74 g and that 

25 the amount of the monoallylamine hydrochloride aqueous 

solution having a concentration of 58.11 wt% was changed to 
217.35 g. 

Table 1 
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It 





DMAA . HPT /AA . HPl 


Concen- 
tiration 

(%) 


ization time 
period 

(h) 


Yield 
(%) 


PEx. 1 


0.5/0.5 - 


61 


120 


86 


PEx. 2 


0.3/0.7 


60 


120 


96 


PEx. 3 . 


0.7/0.3 


62 


120 


84 



(Notes) 

PEx. = Preparation Exair^le 

DMAA-HCl: N^N-dimethylallylamine hydrochloride 
AAHCl: monoallylamine hydrochloride 
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Exaiig>le 1 Production of copolymer of N/N-dimethylallylamine 
and carbamoylated allylaitiine (5/5) 

A one-liter four-necked separable flask having a 
stirrer, a Dimroth condenser and a thermometer was charged 

10 with 421.29 g of the aqueous solution having a 

concentration of 14.35 wt% of a free type copolymer of N,N- 
dimethylallylamine and allylamine, prepared in Preparation 
Exaitple 1, and 88.65 g of hydrochloric acid having a 
concentration of 35 wt% with stirring with ice. Then, the 

15 mixture was warmed to 50*'C, 368.37 g of sodium cyanate 
aqueous solution having a concentration of 7.5 % was 
dropwise added, and the mixture was allowed to react for 24 
hours . 

After completion of the reaction, 34.00 g of sodi\am 
20 hydroxide having a concentration of 50 wt% was dropwise 
added with cooling with ice, to neutralize unreacted 
hydrochloride acid. 

The thus-obtained solution was subjected to 
electrodialysis for desalting, to give 729.61 g (yield 
25 95 %) of an aqueous solution having a concentration of 

10.30 wt % of a free type copolymer (copolymerization ratio 
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5:5) of N^N-dimethylallylamine and carbamoylated 
allylamine. The copolymer had a weight average molecular 
weight of 1,200. 

The copolymer was concentrated to obtain a solid , 

5 and the polymer was tested for its solubility at 10 % by 
weight in various solvents. As a result, the polymer was 
insoluble in acetone and acetonitrile , while it was 
dissolved in methanol, ethanol, isopropanol, DMSO and DMF. 
These results show that the copolymer of the present 

10 invention is soluble in organic solvents as compared with 
an allylamine polymer. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 
reprecipitated from an acetone solvent to give a copolymer 

15 hydrochloride. This result shows that the modified 

polyallylamine of the present invention can be converted to 
a cat ionic polymer. The elemental analysis thereof showed a 
result of C = 48.96, H = 8.58 and N = 18.64. These values 
were equivalent to calculated values of C = 48.75, H = 9.09 

20 and N = 18.95. The carbamoyl ation molar fraction of the 
copolymer hydrochloride was calculated on the basis of 
acid-base titration. As a result, it was 47.89 %, which was 
nearly in agreement with the elemental analysis result. 
Fig. 1 shows the IR spectrum thereof. 

25 

Exanple 2 Production of copolymer of N,N-dimethylallylamine 
and carbamoylated allylamine (3/7) 

767.83 Grams (yield 95 %) of an aqueous solution 
having a concentration of 10.02 wt % of a free type 
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copolymer (copolymerization ratio 3:7) of N,N- 
dimethylallylaialne and carbamoylated allylamine was 
obtained in the same manner as in Example 1 except that 
390,23 g of the aqueous solution having a concentration of 
5 14.27 wt%.of a free type copolymer of N,N- 

dimethylallylamine and allylamine^ prepared in Preparation 
Example 2, as a replacement for the aqueous solution of a 
free type copolymer of N^N-dimethylallylamine and 
allylamine^ prepared in Example 1^ 515.72 g of the sodium 
10 cyanate aqueous solution and 20.40 g of the sodium 

hydroxide aqueous solution were used. The copolymer had a 
weight average molecular weight of 1,300. 

Exaiiple 3 Production of copolymer of N^N-dimethylallylamine 
and carbamoylated allylamine (7/3) 

702.26 Grams (yield 93 %) of an aqueous solution 
having a concentration of 10.11 wt %of a free type 
copolymer of N,N-dimethylallylamine and carbamoylated 
allylamine was* obtained in the same manner as in Example 1 
except that 459.32 g of the aqueous solution having a 
concentration of 14.20 wt% of a free type copolymer 
(copolymerization ratio 7:3) of N,N-dimethyl allylamine and 
allylamine, prepared in Preparation Exanple 3, as a 
replacement for the aqueous solution of a free type 
copolymier of N,N-dimethylallylamine and allylamine, 
prepared in Exanple 1, 221.02 g of the sodium cyanate 
aqueous solution and 61.98 g of the sodivmi hydroxide 
aqueous solution were used. The copolymer had a weight 
average moleculcur weight of 1,100. 
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25 
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Example 4 Production of copolymer of N^N-dimethylallylamine 
and methoxycarbamoylated allylamine (5/5) 

A one-liter four-necked separable flask having a 
5 stirrer, a Dimroth condenser and a thermometer was charged 
with 421.29 g of the aqueous solution having a 
concentration of 14.35 wt% of a free type copolymer of N/N- 
dimethylallylamine and allylamine, prepared in Example 1, 
the aqueous solution was wanned to 50*^C, 38.67 g of dimethyl 

10 carbonate having a purity of 99 % was dropwise added, and 
the mixture was allowed to react for 24 hours. 

Af ter . conpletion of the reaction, methanol formed 
as a byproduct was distilled off at 50^C under reduced 
pressure (80 mmHg) to give 383.85 g (yield 99 %) of an 

15 aqueous solution having a concentration of 21.98 wt% of a 
free type copolymer (copolymerization ratio 5:5) of N,N- 
dime thy lallylamine and methoxycarbonylated allylamine. The 
copolymer had a weight average molecular weight of 1,300. 
Part of the copolymer aqueous solution was 

20 converted to a hydrochloride, and the hydrochloride was 

reprecipitated from an acetone solvent to give a copolymer 
hydrochloride. The elemental analysis thereof showed a 
result of C = 50.31, H = 8.93 and N = 11.37. These values 
were equivalent to calculated values of C = 50.73, H = 8.94 

25 and N = 11.83. The methoxycarbonylation molar fraction of 
the copolymer hydrochloride was calculated on the basis of 
acid-base titration. As a result, it was 49.46 %, which was 
nearly in agreement with the elemental analysis result. 
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Example 5 Prcxiuction of copolymer of N^N-ciimet:hylallylamine 
and methoxycarbamoylated allylamine (3/7) 

406.02 Grams (yield 100 %) of an aqueous solution 
having a concentration of 22.12 wt % of a free type 

5 copolymer (copolymerization ratio 3:7) of N,N- 

dimethylallylamine and methoxycarbonylated allylamine was 
obtained in the same manner as in Exaii5>le 4 except that 
390.23 g of the aqueous solution having a concentration of 
14.27 wt% of a free type copolymer of N,N- 

10 dimethylallylamine and allylamine/ prepared in Example 2, 
as a replacement for the aqueous solution of a free type 
copolymer of N/N-dimethylallylamine and allylamine ^ 
prepared in Example 1 and 54.14 g of dimethyl carbonate 
were used. The copolymer had a weight average molecular 

15 weight of 1,300. 



Exanple 6 Production of copolymer of NyN-dimethyl allylamine 
and methoxycarbamoylated allylamine (7/3) 

359.63, Grams (yield 99 %) of an aqueous solution 

20 having a concentration of 22.08wt % of a free type 
copolymer (copolymerization ratio 3:7) of N^N- 
dimethylallylamine and methoxycarbonylated allylamine was 
obtained in the same manner as in Exait^le 4 except that 
459.32 g of the aqueous solution having a concentration of 

25 14.20 wt% of a free type copolymer of N^N- 

dimethylallylamine and allylamine , prepared in Example 3, 
as a replacement for the aqueous solution of a free type 
copolymer of N^N-dimethylallylamine and allylamine , 
prepared in Example 1 and 23.20 g of dimethyl carbonate 
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were used. The copolymer had a weight average molecular 
weight of 1,200, 

Example 7 Production of copolymer of N^N-dimethylallylamine 
5 and acetylated allylaiciine (5/5) 

A 500-ml four-necked separable flask having a 
stirrer, a Dimroth condenser and a thermometer was charged 
with 421.29 g of the aqueous solution having a 
concentration of 14.35 wt% of a free type copolymer of N,N- 

10 diiuethylallylamine and allylamine, prepared in Example 1. 
With cooling with ice, a portion from 44.27 g of acetic 
anhydride having a purity of 98 % was dropwise added in 
such an amount that corresponded to 1/2 molar amount of 
allylamine, to neutralize that pori:ion of 34.00 g of sodivim 

15 hydroxide having a concentration of 50 % which corresponded 
to a molar amount of acetic acid formed as a byproduct, and 
the entire amount of the acetic anhydride was dropwise 
added by repeating this procedure, followed by a reaction 
for 24 hours. , 

20 The thus-obtained solution was subjected to 

electrodialysis for desalting, to give 522.50 g (100 %) of 
an aqueous solution having a concentration of 14.94 wt% of 
a free type copolymer (copolymerization ratio 5;5) of N,N- 
dimethylallylamine and acetylated allylamine. The copolymer 

25 had a weight average molecular weight of 1,200. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 
reprecipitated from an acetone solvent to give a copolymer 
hydrochloride. The elemental analysis thereof showed a 
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result of C = 54.12, H = 9.26 and N = 12.47. These values 
were equivalent to calculated values of C = 54.41 , H = 9.59 
and N = 12.69. The methoxycarbonylation molar fraction of 
the copolymer hydrochloride was calculated on the basis of 
5 acid-base titration . As a result, it was 50.12 %, which was 
nearly in agreement with the elemental analysis result. 

Exanple 8 Production of copolymer of N,N-dimethylallyl amine 
and acetyl ated allylamine (3/7) 

520.58 Grams (98 %) of an aqueous solution having a 
concentration of 15.21 wt % of a free type copolymer 
(copolymerization ratio 3:7) of N,N-dimethyl allylamine. and 
acetylated allylamine was obtained in the saine manner as in 
Exanple 7 except that 390.23 g of the aqueous solution 
having a concentration of 14.27 wt% of a free type 
copolymer of N/N-dimethylallylamine and allylamine, 
prepared in Preparation Exaicple 2, as a replacement for the 
aqueous solution of a free type copolymer of N,N- 
dimethylallyl amine and allylamine, prepared in Preparation 
Exanple 1, 61.98 g of acetic anhydride coid 47.60 g of a 
sodium hydroxide aqueous solution were used. The copolymer 
had a weight average molecular weight of 1,300. 

Exaitple 9 Production of copolymer of N,N-dimethylallylamine 
25 and acetylated allylamine (7/3) 

501.85 Grams (100 %) of an aqueous solution having 
a concentration of 15.11 wt % of a free type copolymer 
(copolymerization ratio 7:3) of N,N-dimethylallylamine and 
acetylated allylamine was obtained in the same manner as in 
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Example 7 except that 459.32 g of the aqueous solution 
having a concentration of 14.20 wt% of a free type 
copolymer of N,N-dimethylallylamine and allylamine/ 
prepared in Preparation Exanple 3, as a replacement for the 
5 aqueous solution of a free type copolymer of N,N- 

dimethylallylamine and allylamine, prepared in Preparation 
Example 1^ 26.56 g of acetic anhydride and 20.40 g of a 
sodi\im hydroxide aqueous solution were used. The copolymer 
had a weight average molecular weight of 1,100. 

10 

Exait^le 10 Production of copolymer of N^N- 
dimethylallylamine and monocarbamoylethylated allylamihe 
(5/5) 

A 500-ml four-necked separable flask having a 
15 stirrer, a Dimroth condenser and a thermometer was charged 
with 421.29 g of the aqueous solution having a 
concentration of 14.35 wt% of a free type copolymer of N^N- 
dimethylallylamine and allylamine, prepared in Exanple 1, 
the aqueous solution was wamtied to 50''C, 60.42 g of 
20 acrylamide having a concentration of 50 % was dropwise 

added, and the mixture was allowed to react for 24 hours. 

There was obtained 465.52 g (97 %) of an aqueous 
solution having a concentration of 18.82 wt % of a free 
type copolymer of N,N-dimethylallylamine and 
25 monocarbamoylethylated allylamine (copolymerization ratio 
5:5). The copolymer had a weight average molecular weight 
of 1,200. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 
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reprecipitated from an acetone solvent to give a copolymer 
hydrochloride. The elemental analysis thereof showed a 
result of C = 45.84, H = 8.69 and N = 14.38. These values 
were equivalent to calculated values of C = 46.16, H = 8.80 
5 and N = 14.68. The monopropylamidation molar fraction of 
the copolymer hydrochloride was calculated on the basis of 
acid-base titration. As a result, it was 48.15 %, which was 
nearly in agreement with the elemental analysis result. 

10 Example 11 Production of copolymer of N,N- 

dimethylallylamine and monocarbamoylethylated allylamine 
(3/7) 

461.14 Grams (97 %) of an aqueous solution having a 
concentration of 20.64 wt % of a free type copolymer 

15 (copolymerization ratio 3:7) of N, N-dime thy 1 allylamine and 
monocarbamoylethylated allylamine was obtained in the same 
manner as in Exanple 10 except that 390.23 g of the aqueous 
solution having a concentration of 14.27 wt% of a free type 
copolymer of N^N-dimethylallylamine and allylamine, 

20 prepared in Preparation Exanple 2, as a replacCTient for the 
aqueous solution of a free type copolymer of N,N- 
dimethylallylamine and allylamine, prepared in Preparation 
Example 1 and 84.58 g of acrylamide were used. The 
copolymer had a weight average molecular weight of 1,300. 

25 

Example 12 Production of copolymer of N,N- 
dimethylallylamine and monocarbamoylethylated allylamine 
(7/3) 

475.15 Grains (96 %) of an aqueous solution having a 
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concentration of 16.82 wt % of a free type copolymer 
(copolymerization ratio 7:3) of N,N-dimethylallylamine and 
monocarbamoylethylated allylamine was obtained in the same 
manner as in Example 10 except that 459.32 g of the aqueous 
5 solution having a concentration of 14.20 wt% of a free type 
copolymer of N,N-dimethylallylamine and allylamine, 
prepared in Preparation Exanple 3, as a replacement for the 
aqueous solution of a free type copolymer of N,N- 
dimethylallylamine and allylamine, prepared in Preparation 
10 Exanple 1 and 36.25 g of acrylamide were used. The 

copolymer had a weight average molecular weight of 1,200. 

Example 13 Production of copolymer of N,N- 
dime thy lallylamine and dicarbamoylethylated allylamine 
15 (5/5) 

521.09 Grams (96 %) of an aqueous solution having a 
concentration of 22.30 wt % of a free type copolymer 
(copolymerization ratio 5:5) of N,N-dimethylallylamine and 
dicarbamoylethylated allylamine was obtained in the same 

20 manner as in Example 10 except that 120.83 g of acrylamide 
was used in Exanple 10. The copolymer had a weight average 
molecular weight of 1,200. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 

25 reprecipitated from an acetone solvent to give a copolymer 
hydrochloride. The elemental analysis thereof showed a 
result of C = 46.68, H = 8.23 and N = 15.41. These values 
were equivalent to calculated values of C = 47.00, H = 8.48 
and N = 15.62. The dipropylamidation molar fraction of the 
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copolymer hydrochloride was calculated on the basis of 
acid-base titration. As a result, it was 48.06 %, which was 
nearly in agreement with the elemental analysis result. 



5 Example 14 Production of copolymer of N^N- 

dimethylallylamine and dicarbamoylethylated allylamine 
(3/7) 

541.72 Grains (97 %) of an aqueous solution having a 
concentration of25.08wt%ofa free type copolymer 
10 (copolymerization ratio 3:7) of N,N-dimethylallylamine and 
dicarbamoylethylated allylamine was obtained in the same 
manner as in Example 10 except that 169.17 g of acryl amide 
was used in Exaicple 11. The copolymer had a weight average 
molecular weight of 1,300. 

15 

Example 15 Production of copolymer of N,N- 

dime thy lallylamine and dicarbamoylethylated allylamine 

(7/3) 

508. IS Grams (96 %) of an aqueous solution having a 
20 concentration of 19.08 wt % of a free type copolymer 

(copolymerization ratio 7:3) of N,N-dimethy lallylamine and 
dicarbamoylethylated allylamine was obtained in the same 
manner as in Exanple 10 except that 72.50 g of acrylamide 
was used in Exait5>le 12. The copolymer had a weight average 
25 molecular weight of 1,100. 

Exanple 16 Production of copolymer of N,N- 

dimethy lallylamine and monoethoxy-2-hydroxypropylated 

allylamine (5/5) 
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A 500-inl four-necked separable flask having a 
stirrer / a Dimroth condenser and a thermometer was charged 
with 421.29 g of the aqueous solution having a 
concentration of 14.35 wt% of a free type copolymer of N,N- 
5 dime thy lallylamine and allylamine, prepared in Preparation 
Example 1^ the aqueous solution was warmed to 50°C, 43.41 g 
of ethyl glycidyl ether having a purity of 100 % was 
dropwise added, and the mixture was allowed to react for 24 
hours . 

10 There was obtained 463.95 g (100 %) of an aqueous 

solution having a concentration of 22.35 wt % of a free 
type copolymer of N,N-dimethy lallylamine and monoethoxy-2- 
hydroxypropylated allylamine ( copolymer iz at ion ratio 5:5). 
The copolymer had a weight average molecular weight of 

15 1,200. 

Part of the copolymer aqueous solution was 
converted to a hydrochloride, and the hydrochloride was 
reprecipitated from an acetone solvent to give a copolymer 
hydrochloride . • The elemental analysis thereof showed a 

20 result of C = 49.44, H = 9.41 and N = 8.59. These values 

were equivalent to calculated values of C = 49.21, H = 9.53 
and N = 8.83. The monoethoxy-2-hydroxypropylation molar 
fraction of the copolymer hydrochloride was calculated on 
the basis of acid-base titration. As a result, it was 

25 50.23 %, which was nearly in agreement with the elemental 
analysis result. 

Exanple 17 Production of copolymer of N,N- 

dime thy lallylamine and monoethoxy-'2-hydroxypropylated 
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allylamine (3/7) 

450.37 Grains (100 %) of an aqueous solution having 
a concentration of 25.82 wt % of a free type copolymer 
(copolymerization ratio 3:7) of N/N-dimethylallylamine and 
5 inonoethoxy-2-hydroxypropylated allylamine was obtained in 
the same manner as in Example 16 except that 390.23 g of 
the aqueous solution having a concentration of 14.27 wt% of 
a free type copolymer of N^N-dimethylallylamine and 
allylamine, prepared in Preparation Example 2, as a 
10 replacement for the aqueous solution of a free type 
copolymer of N,N-dimethylallylatiiine and allylamine, 
prepared in Preparation Exanple 1 and 60.77 g of ethyl 
glycidyl ether were used. The copolymer had a weight 
average molecular weight of 1,300. 

15 

Example 18 Production of copolymer of N,N- 

dime thy lallylamine and monoethoxy-2-hydroxypropylated 

allylamine (7/3) 

484.05i Grams (100 %) of an aqueous solution having 

20 a concentration of 18.80 wt % of a free type copolymer 

(copolymerization ratio 7:3) of N,N-dimethylallylamine and 
monoethoxy-2-'hydroxypropylated allylamine was obtained in 
the same manner as in Exanple 16 except that 459.32 g of 
the aqueous solution having a concentration of 14.20 wt% of 

25 a free type copolymer of N,N-diinethy lallylamine and 
allylamine, prepared in Preparation Exanple 3, as a 
replacement for the aqueous solution of a free type 
copolymer of N,N-dimethylallylamine and allylamine, 
prepared in Preparation Exanple 1 and 26.04 g of ethyl 
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glycidyl ether were used. The copolymer had a weight 
average molecular weight of 1,100. 

Example 19 Production of copolymer of N^N- 
5 dimethylallylamine and diethoxy-2-hydroxypropylated 
allylamine ( 5/5 ) 

504.19 Grams (99 %) of an aqueous solution having a 
concentration of 28.98 wt % of a free type copolymer 
(copolymerization ratio 5:5) of N,N-diitiethylallylamine and 

10 diethoxy-2-hydroxypropylated allylamine was obtained in the 
same manner as in Exairple 16 except that 86 .81 g of ethyl 
glycidyl ether was used in Exait5>le 16. The copolymer had a 
weight average molecular weight of 1,200. 

Part of the copolymer aqueous solution was 

15 converted to a hydrochloride, and the hydrochloride was 

reprecipitated from an acetone solvent to give a copolymer 
hydrochloride. The elemental analysis thereof showed a 
result of C = 61.78, H = 11.11 and N == 7.89. These values 
were equivalent to calculated values of C = 61.57, H = 

20 11.20 and N = 8.01. The monoethoxy-2-hydroxypropylation 
molar fraction of the copolymer hydrochloride was 
calculated on the basis of acid-base titration. As a 
result, it was 49.62 %, which was nearly in agreement with 
the elemental analysis result. 

25 

Example 20 Production of copolymer of N^N- 
dimethylallylamine and diethoxy-2-hydroxypropylated 
allylamine {2/1) 

5.7.26 Grams (99 %) of an aqueous solution having a 
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concentration of 34 . 63 wt % of a free "type copolymer 
( copolymerlzation ratio 3:7) of N/N-dimethylallylamine and 
diethoxy-2-hydroxypropylated allylamine was obtained in the 
same manner as in Exaicple 17 except that 121.54 g of ethyl 
5 glycidyl ether was used in Exaitqple 17. The copolymer had a 
weight average molecular weight of 1^400. 

Exanple 21 Production of copolymer of N^N- 
dimethylallylamine and diethoxy-2-hydroxypropylated 

10 allylamine (7/3) 

507.52 Grams (99 %) of an aqueous solution having a 
concentration of 22.94 wt % of a free type copolymer 
(copolymerlzation ratio 7;3) of N,N-dimethylallylamine and 
diethoxy-2-hydroxypropylated allylamine was obtained in the 

15 same manner as in Exaicple 18 except that 52.09 g of ethyl 
glycidyl ether was used in Exairple 18. The copolymer had a 
weight average molecular weight of 1/200. 

Exang>le 22 Production of terpolymer of N^N- 
20 dimethylallylamine/ carbamoylated allylamine and allylamine 
(5/3/2) 

606.48 Grams (99 %) of an aqueous solution having a 
concentration of 11.65 wt % of a free type terpolymer of 
N,N-dimethylallylamine, carbamoylated allylamine and 
25 allylamine was obtained in the same manner as in Exanple 1 
except that 221.02 g of a sodium cyanate aqueous solution 
and 54.40 g of a sodixna hydroxide aqueous solution were 
used in Example 1. The copolymer had a weight average 
molecular weight of 1,200. 
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Exaitple 23 Production of terpolymer of N^N- 
dimethylallylaminey methoxycarbonylated allylamine and 
allylaiciine (5/3/2) 
5 390.46 Grains (yield 100 %) of an aqueous solution 

having a concentration of 19.25 wt % of a free type 
terpolymer of N/N-dimethylallylamine, methoxycarbonylated 
allylamine and allylamine was obtained in the same manner 
as in Exaicple 4 except that 23.20 g of dJLmethyl carbonate 
10 was used in Exaitple 4. The copolymer had a weight average 
molecular weight of 1,200. 

Example 24 Production of terpolymer of N/N- 
dimethylallylamine, acetylated allylamine and allylamine 
15 (5/3/2) 

523.48 Grams (100 % ) of an aqueous solution having 
a concentration of 13.58 wt % of a free type terpolymer of 
N,N-dimethylallylamine/ acetylated allylamine and 
allylamine was ^obtained in the same manner as in Example 7 
20 except that 26.56 g of acetic anhydride and 20.40 g of a 
sodiiim hydroxide acjueous solution were used in Exanple 7 . 
The copolymer had a weight average molecular weight of 
1,200. 



25 Exair^le 25 Production of terpolymer of N/N- 

dimethylallylamine, monocarbamoylethylated allylamine and 
allylamine (5/3/2) 

455.93 Grams (100 %) of an aqueous solution having 
a concentration of 17.17 wt % of a free type terpolymer of 
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N/N-diiaethylallylamine/ monocarbamoylethylated allylamine 
and allylamine was obtained in the same manner as in 
Exanple 10 except that 36.25 g of acrylamide was used in 
Exanple 10. The copolymer had a weight average molecular 
5 weight of .1,200. 

Example 26 Production of terpolymer of N^N- 
dimethylallylamine , monoethoxy-2-hydroxypropylated 
allylamine and allylamine (5/3/2) 

10 447.07 Grams (100 %) of an aqueous solution having 

a concentration of 19.34 wt % of a free type terpolymer of 
N , N-dimethyl allylamine , monoethoxy-2 -hydroxypropylated 
allylamine and allylamine was obtained in the same manner 
as in Example 16 except that 26.04 g of ethyl glycidyl 

15 ether was used in Example 16. The copolymer had a weight 
average molecular weight of 1,200. 

Test Example 1 

The modified polyallylamines of the present 

20 invention (Exaitples 1 to 26) were tested for performances 
with regard to color developability and the property of 
being free from the occurrence of a residual waste liquid 
in Inkjet recording. Table 2 shows the results. For 
coirparison, further, an allylamine homopolymer, the 

25 copolymers of allylamine and dimethylallylamine 

(Preparation Examples 1 to 3) and a dimethylallylamine 
homopolymer were also similarly tested. Table 3 shows the 
results. As a result, it has been found that the modified 
polyallylamine of the present invention exhibits remarkably 
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excellent performances with regard to color developability 
and the property of being free from the occurrence of a 
residual waste liquid. The method for the evaluation and 
the results thereof will be explained in detail below. 
Preparation of liquid composition 

Liquid con^sitions having the following 
coinposition were prepared. 
Liquid conposition 

Modified polyallylamine of the present invention 

5.0 % by weight (as a 
solid) 

Glycerin (Gly) 25.0 % by weight 

Triethylene glycol monobutyl ether 

3.0 % by weight 
Olefin ElOlO 0.3 % by weight 

Water Balance 

Ink set 

An ink composition was prepared by the following 
procedures. First, a pigment and a dispersion liquid 
(containing styrene-acrylate copolymer) were mixed, and 
they were dispersed in a sand mill (Yasukawa Seisakusho) 
together with glass beads (diameter 1.7 mm, an amount 
(weight) 1.5 times the amount of the mixture) for 2 hours. 
Then, the glass beads were removed, other additives were 
added, and the mixture was stirred at room tertperature for 
20 minutes. The mixture was filtered with a 10 |im membrane 
filter to give a pigment ink. 
Ink conposition 

Pigment 3.0 parts by weight 
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Styrene-acrylate copolymer 1 . 0 part by weight 
Olefin ElOlO 0.5 part by weight 

Gly 15.0 parts by weight 

TEGmBE 5.0 parts by weight 

5 TEA 0.9 part by weight 

Water Balance 
Total 100 parts by weight 

As pigments, C.I. Pigment Yellow 74 was used for 

yellow, C.I. Pigment Red 202 was used for magenta, C.I. 
10 Pigment Blue 15:3 was used for cyan, and carbon black was 

used for black. 

Abbreviations in the ink conposition are as 

described above. 

Gly: Glycerin 

15 TEGmBE: Triethylene glycol monobutyl ether 

TEA: Triethanol amine 

Olefin ElOlO: Acetylene-glycol-based surfactant 
(Nisshin Chemical Industry Co., Ltd.) 

Printing evaluation 
20 ^'duty" refers to a value calculated on the basis of 

the following equation. 

duty (%) = nximber of actual printing 

dots/ (longitudinal resolution x transverse resolution) x 

100 

25 In the equation, the ^^number of actual printing 

dots" is the number of printing dots per unit area, and the 
^'longitudinal resolution'' and ^'transverse" resolution refer 
to resolutions per unit area. ''100 % duty" refers to a 
monochromic maximum ink weight per pixel. 
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Evaluation 1 Color development: "best (ordinaiy paper) 

A liquid conposition and an ink set were charged 
into an Inkjet printer (^^MC-2000" supplied by Seiko Epson 
Corporation), printing was conducted on an ordinary paper 
5 (Xerox 4024) at 720 x 720 dpi. In this case, the printing 
was conducted using the ink coitposition at 70 % duty and, 
almost at the same time, using the liquid composition at 
10 % duty. 

The thus-obtained print was measured for an optical 
10 density. The optical density was measured with ^^Gretag- 
Macbeth SPM50" supplied by Gretag Macbeth AG using a D50 
light source without a filter at a viewing angle of 2"". 
(Evaluation standard) 

AA: A non-colored portion is not easily visually 
15 observable, and the OD value increases and is greater than 
a case where no liquid composition is printed, by 0.06 or 
more. 

A: A non-colored portion is not easily visually 
observable, and the OD value increases and is greater than 
20 a case where no liquid conposition is printed, by at least 
0.03 and less than 0.06. 

B: A non-colored portion is easily visually 
observable, and the OD value increases and is greater than 
a case where no liquid composition is printed, by less than 
25 0.03. 

Table 3 shows the evaluation results. In Exaicples, 
those portions which were not colored were not easily 
visually observable, and the OD values increased to be 
greater by at least 0.03. 
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Evaluat-ion 2 Wast:e-liquid-disposal performance of a cap 
with woven fabric 

A liquid conposition and an ink set were charged 
into an inkjet printer (^^MC-2000" supplied by Seiko Epson 
5 Corporation) , and the cleaning of a recording head (to push 
a cleaning button of the printer once) and the printing of 
a nozzle check pattern were repeated. These procedures were 
repeated 10 times to judge whether or not nozzle check 
patterns were normally printed. Further, a state of a waste 
10 liquid in the cap (with a non-woven fabric) was observed. 
Further, with regard to those liquid conposition that 
resulted in A, the above procedures were carried out 90 
t dunes to judge whether or not the check pattern was 
normally printed. 
15 Evaluation standard 

S: In each of the procedures that are carried out 
100 times, the check pattern is normally printed, and no 
residual waste liquid occurs in the cap. 

AA: In each of the procedures that are carried out 
20 50 times, the check pattern is normally printed, and no 
residual waste liquid occurs in the cap. 

A: In each of the procedures that are carried out 
10 times, the check pattern is normally printed, and no 
residual waste liquid occurs in the cap. 
25 B: In each of the procedures that are carried out 

10 times, the check pattern is normally printed, while a 
slight residual waste liquid occurs in the cap. 

C: The check pattern is sometimes not normally 
printed, and a residual waste liquid occurs in the cap. 
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Table 2 



Modified polyallylamine of the invention 


Performance 
test 


Polymer 
used 


Svibstituent of N- 

s ubs t itut ed al ly lamine 


D 
M 
A 


S 
A 
A 


D 
S 
A 


M 
A 
A 


Color 
Dev. 


C. of 
d. of 
w.l. 


Ex. 1 


— CONH2 


5 


5 


0 


0 


AA 


s 


Ex. 2 


— CONHo 


3 


7 


0 


0 


AA 


s 


Ex. 3 


— CONH2 


7 


3 


0 


0 


AA 


s 


Ex. 4 


— COOMe 


5 


5 


0 


0 


A A 




Ex. 5 


—COOMe 


3 


7 


0 


0 


AA 


s 


Ex. 6 


— COOMe 


7 


3 


0 


0 


A A 


Q 


Ex. 7 


— COMe 


5 


5 


0 


0 


A A 


Q 


JIi Jv . O 


— COMe 




7 




0 


A A 


c 

0 


Ex. 9 


—COMe 


7 


3 


0 


0 


A A 


Q 
0 


Ex. 10 


— CHo CHo CONHo 


5 


5 


0 


0 


A A 




Ex. 11 


— CH 0 CH 0 CONHo 
>^AA 2 ^^aa 2 ^^^^^vAA 2 


■J 


7 


0 


0 


A A 


A A 


Ex. 12 


— CH 0 CH 0 CONHo 


7 


-a 
«j 


n 


o 


A A 


Q 
0 


Ex 13 


— CHoCHoPONHo 








n 


A A 


C 
0 




— OH 0 PH 0 PONHo 
v<rxx 2 >^a1 2 Vovyip^n 2 






7 


n 


A A 


Q 
0 


Ex. 15 


— CH 0 CH 0 CONHo 


7 


0 


«j 


n 


A A 

x^ .TA. 


Q 
0 


Ex 16 


— CHo PH ( OH \ PHo OEI" 




•J 




o 


A A 

xA xA 


Q 


Ev 1 7 


— PHo PH ^ OH ^ PHo OP"1- 


•3 


7 


A 


A 
V/ 


A A 


A A 

xA. ./A 


Ex. 18 


— CHo CH ( OH ^ PHo OEt 
v^xx 2 v^xx ^ v^xx y Vx>xx g ^ /JC* w 


7 




0 


A 
\/ 


A A 

./A .TA 


0 


Ex 1 Q 


— PH« PhV oh \ PHr. 0*P1- 








A 

yj 


A A 

xA 


Q 


Ex. 20 


— CH2 CH ( OH ) CH2 OEt 


3 


0 


7 


0 


AA 


s 


Ex. 21 


— CH2 CH ( OH ) CH2 OEt 


7 


0 


3 


0 


AA 


s 


Ex. 22 


— CONH2 


5 


3 


0 


2 


AA 


s 


Ex. 23 


— COOMe 


5 


3 


0 


2 


AA 


s 


Ex. 24 


—COMe 


5 


3 


0 


2 


AA 


s 


Ex. 25 


— CH2CH2CONH2 


5 


3 


0 


2 


AA 


AA 


Ex. 26 


— CH 2 CH ( OH ) CH 2 OEt 


5 


3 


0 


2 


AA 


AA 



(Notes) Ex. = Example 

Color Dev. = Color developability 

C. of d. of w.l. = Capability of disposal of waste liquid 

DMA: N,N-dimethylally lamine 

SAA: N-monosubstituted ally lamine 

DSA: N^N-disxibstituted ally lamine 

MAA: monoallylamine 



54 



Table 3 



Polymer of Comparative Exanple 


Performance 
test 


Polynver used 


MAA 

molar 

ratio 


DMA 

molar 

ratio 


Color 
Dev. 


C. of 
d. of 
w.l. 


CEx. 1 


Polyallylamine (Mw 1000) 


1 0 


0 


AA 


B 


CEx. 2 


Copolymer of Preparation 
Example 3 


7 


3 


AA 


A 


CEx. 3 


Copolymer of Preparation 
Example 1 


5 


5 


AA 


A 


CEx* 4 


Copolymer of Preparation 
Exanple 2 


3 


7 


AA 


A 


CEx. 5 


Poly ( dimethylallylamine ) 
Mw 900) 


0 


1 0 


AA 


A 



(Notes) CEx. = Comparative Example 

Color Dev. = Color developability 
5 c. of d. of w.l. = Capability of disposal of waste 

liquid 

MAA: monoallylamine 

DMA: N,N-dimethylallylamine 

10 Industrial Utility 

The modified polyallylamine of the present 
invention exhibits excellent color developability and is 
easily soluble in water and organic solvents, and it also 
exhibits excellent stability in a solution containing water 

15 or organic solvent (s), so that it can be suitably used in 
fine chemical fields such as the field of ink jet recording. 
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